literature. All reactions were carried out with stirring bar under an atmosphere of purified nitrogen in a Braun glovebox equipped or using standard Schlenk techniques. Reaction temperatures were reported as the temperatures of the oil bath. Nuclear magnetic resonance spectra ( 1 H NMR, 13 C NMR, and 31 P NMR) were recorded with a Bruker-300 MHz spectrometer (300 MHz, 1 H at 300 MHz, 13 C at 75 MHz, and 31 P at 121 MHz) or Bruker-400
MHz spectrometer (400 MHz, 1 H at 400 MHz, 13 C at 101 MHz). Chemical shifts are reported in parts per million (ppm, δ). 
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1. 
Determination of solubility of N 2 O in THF.
To determine the solubility and total amount of N 2 O in THF at rt (20 o C), the following experiments using two Fisher-Porter tubes have been done:
Procedure for Exp. 1 and 2: Two 90 mL of Fisher-Porter tubes A and B were connected and controlled by two cock valves a and b, in which tube A was pumped and kept in a vacuum while tube B was filled with high pressure of N 2 O. After switching on cock valves a and b, the pressure of tube A reached the pressure as same as tube B. In Exp. 1, no THF was used in tube A as a control experiment. To be mentioned, due to the exist of the connecting tube between tube A and B, the amount decreasing in tube B was not equal to the amount increasing in tube A.
Exp. 1
Before switching on a and b: After switching on a and b: 
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ii. Reaction of 4 with N 2 O, followed by H 2 Procedure: To a dried 4 mL vial were added (PNP)RuHCl(CO) Ru-5-Cl (3.3 mg, 0.006 mmol), t BuOK (0.9 mg, 0.008 mmol), and THF (0.5 mL) in a glovebox. The resulting mixture was stirred at room temperature for 15 h to afford a solution of 5 in THF. 1 After transfer into a dried NMR tube, excess N 2 O was purged for changing the N 2 atmosphere to N 2 O. The mixture was shaken for an additional 2 h. A complicated mixture A was obtained according to 31 P NMR analysis. Changing the N 2 O atmosphere to H 2 by purging H 2 gas followed by shaking for another 24 h, afforded a complicated mixture B, which is almost the same as mixture A.
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iii. Reaction of 5 with N 2 O/H 2
Procedure: To a dried 4 mL vial were added (PNP)RuHCl(CO) Ru-5-Cl (5.1 mg, 0.01 mmol), t BuOK (1.2 mg, 0.01 mmol), and THF (0.5 mL) in a glovebox. The resulting mixture was stirred at room temperature for 4 h to afford a solution of 5 in THF. 1 After transfer into a dried NMR tube, 0.5 mL of N 2 O (2 equiv) and 0.5 mL of H 2 (2 equiv) were injected immediately before shaking. The mixture was shaken for a few seconds. The orange color changed to be light yellow, which corresponds to complex 15 according to 31 P NMR analysis. Only 15 was detected by 31 P NMR. This experiment indicated that reacting 5 with H 2 is much faster than its reaction with N 2 O.
S11 iv. Reaction of 14 with H 2
Procedure: To a dried 4 mL vial were added (PNP)RuHCl(CO) Ru-5-Cl (5.0 mg, 0.01 mmol), t BuOK (1.2 mg, 0.01 mmol), and THF (0.5 mL) in a glovebox. The resulting mixture was stirred at room temperature for 4 h to afford a solution of 5 in THF. 1 After transfer into a dried NMR tube, 18 µL of H 2 O (100 equiv) was added. The mixture was shaken for 30 mins and then excess H 2 was purged for changing the N 2 atmosphere to H 2 (the volume of gas phase in the NMR tube is about 2.5 mL, which corresponds to 10 equiv of H 2 ). After shaking for 20 mins, both 14 and 15 were detected by 31 P NMR in a 2/1 ratio. 
